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ABSTRACT 

It is shown that the forward-backward asyzmetrg 
in the production of Najorena particles in ei - e- and 

P - 'p collisions Is identically equal to zero if the 
couplings generating the process conserve the (X-parity, 
and that the asymmetry vanishes to leading order in per- 
turbation theory if the Production mechanism is Pert=- 
bative ahd the S-matrix is CPT-ihvariant. In the case of 

P - i interactions the second statesent is proved ass-kg 
that the strong interactions are described by QCD and that 

the relevant subprocesses involve in the leading approxi~a- 
tion two particles /quarks, gluons or a quark and a gluon/ 
in the initial state. The absence of forward-baclward 
asymae,try is one possible signature for production of 
majorzna particles /other than light neutrinos/ in e+ - e- 

adp - E collisions at high energies. 
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As is iiell-knok?l, neutral fermions can be of two varieties: t:?ey 
either can be assigned a conserved additive quantum number, i.e. they 
can, be Uirac 
particles/2/. 

particles"', or else be absolutely neutral, i.e. Xajorana 
All known neutral fenions are or behave to a very good 

approximation like Dirac particles and no firm experimental indica- 
tions mnfining or makin likely the exsistence of rLajorana fermions 
have been found to date /37* At the same time majorana fermions are 
present in many extensions of the standard SU(3)* SU(~)XU(I) theory. 
They appear inevitably in the modern supersymmetric (SUSY) theories /4/ 

as superpartners of the neutral gauge and Higgs bosons. In the minimal 
SUSY version of the standard theory /5/ these are the gluinos (g), 
photdno $ 1, zino (z) and two Higgsinos (g:, i = 1,2). Heavy neutral 
majorana'leptons are often the right-handed counterparts of the ordi- 
nary neutrinos in the electroweak theories based on the group 
42)x SUR(2)X n(IP'. And the ordinary neutrinos themself might be 
mixtures of i9ajorana mass eigenstate neutrinos /7/ with masses in the 
few eV'region. 

t Although the properties of neutral Dirac and Lajorana particles 
are very different, in general, no universal and relatively simple 
solution to the problem of distinguishing experimentally between them 
has been proposed to date. Our knowledge of the effects unambiguously 
associated with the existence of Xajorana fermions is &marily based 
on the studies performed for the case of Xajorana neutrinos .dit:h non- 
zero but very small masses. Owing to the specific (V-A) structure of 
the neutrino weak interactions, all effects typical for najorana 
neutrinos are very subtle and vanish in the limit of zero neutrino 
masses/", " #hen the physical difference between the two possi3le types 
of mass eigenstate neutrinos disappears. For Xajorana fermicns other 
than neutrinos similar conclusion might not be valid. 

In this note we consider one possible signature for ?roducticn 
of Piajor'ana fermions / other than light neutrinos/ in high ener,-g 

+ e - e- and p - F collisions, based on their specific CP- and W/T- 
transformation properties. The Cr- and CrT-transformations leave rhe 

idajorana farmions, which do not have distinctive anti?articLes, essen- 
tially unchanged. AS a consequence, the cross-sections, e-g-, for 
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22cl~J;ive szsti~cxioz of ;:ajor.xx sartizles ir, 2 - e- r 2.16 p - 3 colli- 
rj.lonz 1~' 5 g 5 2 s 2 ,-; Ce~;,ii-. syxetr,, ,;;+c;;. is exact jlb.en t:-.e n~--~,,: -qn- :- :. -L.--"."d'. -_.. ~ 
;1:jlit&es ~~,~ ,,1- sy-z; y-i c 24& a;~rsxi;;ce il^ ';r:e sroccctio~ ::e;:?z+z; 
is pe+ -;.~-;a*bi.s.e zA; +$ =&za+ti is ~~7-1Tv.3v+nC~ --r&&&r . I" 'ih2 cerzmz: of zass 
systezi c;^ 2.2 tiitial sz.rticles tkis s;zze+sy corzespo~ds to a sra2t--z -" 
betw2ez tke particle s;iatial dls tzibutions in t'A2 fo-Flrard a?:, & the 
backward. hezisphsr2s (i.e., implies z2ro forward-bacimzd (F-3) asr~2- 
try). A$ an illustration of our general results several 2xz;les corres- 
?onding to the ;7roduction of supersyrmetric Kajorana f2xi3zs are coosi- I 
dered. 

It is convenient to begin our discussion bg considertig the spe- 
cific ?r,ocess of eT - e- annihilation in,to a paix of arbitraq t:ajoraa 
farniom 

7 f : e+Te-.Jc + J' 
and 

(I) 
Ye shall assuze -ihat a.t least one of the tzro paxicles in the fins1 
stiite (say,~' j is Lacsive, unstabie and has visible decay ~rod'~cts, 
so that its production rate ia the two Lmispheres ti the eT - e- C.G.S. 
can be n2amred, in pinciple. Processes of this type are _oredicted to 
exist 2.t relatively high energies ( GLXl GeV), e.g., by a failly wide 
class of su?ersyr;letric theories /9,10, II/ In th2se theories 

f 1' 
caa be two of the eigenstates of the t ,'i? and % I,;ajoraa zasc x~~i, 
which has diagonal as well as nondiagonal elenmts. In p.zticx:la- JIG, 

f 
night . have a large pihotino con>onezt Seing the lig:?t2st xass e2gsz- 

staze, while 
s 

' niglht ba the second to the ll;;htest zass -eigemt2te, 
havir.g large Eiggsiso congonents. %en j would be moSs,e~aSIe directly 
as like the ordinary neutrinos, while 

1 
' would ~xSerg0 a r2latively 

fast. decay into 
i t 

and a leptoa pair: 
2 - e--j- q:;:y-J; g (2) 

j T z+'z-. 

Incidsrtally, this process night tube '/:$2 even 2t Au- D?D z-' ?3"?J with 

a cross-section 1:: t-e r,icobaq region * . A. L 
If .+qs separate xh,e contrivid sart it of t'c2 5-2‘3122.x, ~;rssSin; 

the 1 atter as 
S=I+Ft, (3) 

nowhere I 2.5 The identity o;araCor, :hez t:",e az+i;,de of the pzoc2ss 

ji The proof of t;-.2 secocd state322t 2:2sez'i2d hEe Zz51: ttie Case 

of 2 - 3 collisions is Lade ud2.r S3ze ZaAA2r i;2227‘2l 2ss.;~"t~;?-s _ _ 
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(I) c2.2 b2 writt2n in the form: 

tively, s 
I.1 

is tie projection of the spin of t‘ne el 
-PI @1=+z or - -,), etc. 'Ihe well-known set of invariant kinematical 
variables which can be used to describe the reaction,(I) includes 

91’ ? (py+p2)2. t = (p,-k)2 and u = (p2-k)2, 

two of them being(fndependant (s-t-u = 2~12, + m2 in '2, where 
is the, mass of 

J 
' ). In the s+-e- C.R.S. we have: 

t = ; (s-m2-m'2) + k (s-4& cos 8 2. -m I 
I' I 

(6) 
u=7 L (s-m'-m '2) - k (s-4@ cos8 - ITI:. 

where k is the absolute value of 
the angle formed by the e- and 

1' 
f:e~a.~~Sj,",",::E~~~~~os~"i,_ iI,- 

tion, summed over the spin states of the final particles and averaged 
over the spin states of the initial e + and e-, can be written as: 

d5 = (2Yi)46( pI+p2-k-k') f(s,mz) r"(s,t) $$'. (7) 

Yere f(s,mz) is a well-lmown kite 
0 0 

zatical fu;lction determined by the 
relative flux of then initial particles, k. (') is the 

J 
111 esergg and 

F(s,t) = i hL, 1 A(e+e-+jJ' ) le (8) 

rle shall use also the t$and WI trar;Sformation priperties of 
one-particle free PIajorana fermion states with definite momentum and 
spin pOj2CtiOn on the mOmentU2. since a ti:ajorana fersior has no 
distinctive antipar~ticle they read: 

I f (r,k) > GO ~&$J,)I _Ic (-r,kp)> , kp = (-2, iko), (Yl 

I 
J 

(r,%)> - y?&Gi( (-r,kJ ) , (101 

where &p$i) and flD1-(ji) are phase factors. 
After these preparatory remarks we proceed to the discl~ssion of 

the specific symmetry prcp2rties of the cross-section of :he process 
~1) which ax-2 a direct consequence of the Xajorana nature of the par- 
ticles in the final state. Let us aSsum first that the cGUplings Gf 

s 
and 

s' 
are kvariat mder th2 CP tr~Sforza.tioas. TJSi.ug 

2q.(5) ji2 2et ther;: 
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<j(r,k)J.'(r',k') I R I ef(s2,p2) e-(sI,pI)>= 

= -2, </(-r,i;p)Ji'(-r','-~~)l 3. I c+(-sI,I-'I~ja-(-J,,U2p)>(I~) 

,ti,here j& is a phase factor and the minus sign in the right-hind side 
z:;peared s'ince the pc;itions of the er and e- crea.tion o>eratcrs in the 
initial state wave function have been interchanged. It follows from 
eqs. (II) and (8) that the function F(s,t) is symmetric wi&A respect 
to the change of variables (s,t) to (3,~): 

P(s,t) = F((p,,+pIP)2.(p2p-kp)2) = F(s,u) (12) 

Since in the e+-e- c.m.s: the variable u can be obtained from t formally 
by replacing cos 8 with (- COST), this implies that F(s;t) is an 
even function of cos 6) . 
of l' (orj 

Therefore the (P-B) asymmet-ry in the production 
) will be identically equal to zero independently of the 

structure of the interactions leading to (1). 
T&s general conclusion is not valid if '&e f and jL' couplings 

are not CP-symmetric. Ye are going to show, however, that it is still 
true to leading order in the perturbation theory if 5.2 ;;rocesL (I) is 
perturbative (i.e., and 

1 r 
' do not possess couplings which cannot 

be treated perturbatively a the energies at which the process'in 
' question occurr?) and if tne S-matrix is CPT-invariant. Indeed, the 

unitarity of the S-matrix is eqvivalent to the relation: 

X+R+tilR+=O (RR+ = R-9). (13) 

Rq. (13) implies that to leading order in the perturbation theory the 
matrix elements of the operators K and R+ between f. the e , e- and 
states coincide. Together with the CPT-invariance of the J" rS/ 

S-matrix this 
leads to the approximate equality: 

<jtr,k)j'tr',k~',I ~~(e+(s2,P~)e;(rij?:)~I'e+( 

-r,k) 

&9I- 

J t-r ? 
being a cozen phase factor. 

-sI,PI)"-Gs2,?21~, (14) 
It is trivial to show ustig eq. (14) 

that in this case 
F(s,t) rF(s,u) (15) 

s For (2 $ several c;eV this is supposed to be valid also for t're 
particles whose strong interaction is governed or fixed (e.g., via the 
supersymmetry) by QCD (like gluinos). 
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Ll>d therd-7.3 ‘;ke (z-5) ac;;:;--etq, j,, ,lcLe ;7”GI’JCtioL of L-“-r C” 
P-J 

1 
~xni~~ies to leading order in the Eertmbatiox theoq. 

It i,;a.s noticed in ref. /II/ that the leading contributions to the 
cross-sections of eT - e- annihilation into two different wea:< gauge 
and/or Eiggs Iy:ajorana fermions, calculated in the cinizzal s;JSP extension 
of the standard !zodel, exhibit the sazne symetry proPertg, although 
the couplizgs generating the reactions are not C-izvariant ad night 
not presene U-parity. Obviously, this is just one exmple of processes 
for which ouz general results are valid. 

With minor modifications the preceeding considerations ca also 
be applied to the process of production of one mjorana Paxticle ti 
association with a Dirac particle 24 or its antiparticle m 

+ N 
e +e; + 

1 { 
Or , (16) 
N 

as well as* to the process of inclusive najorana particle pmductioz 
1 + e + e\ 

1' + 
S.?lJdhiJlg (1-l) 

They lead to exactly the same results for the (F-B) asbetry iq the 
distribution of 

s - 
Por exmple, the analog of eq. (II) in the case 

of reaction (16) has the form: 
" t 1 

.< 
I: 

(r,k)N(r .k'l 1 R I e+(s2,p2)e-tsI,pI) > = 

= -)$p(_l(( -r,kp$(-r',kj) i R I e'(-s I'-Ip)e-(-sL,P*J > (Ie) ‘3 

The differential cross- section describizg the distri.buti& of 
+ 

- J A- 
presents a SUJR of two terms CorresPonding to the e - e- .enzGLilation 
cross-sections into the two differ-t final states (f/J) uld (f%,. ks 

a consequence of eq. (18) these terns trmsfom into each other mder 
the change of variables u-t, t-ru Gd therefore the differential 
cross-section is sgmetric with respect to such a change. 

The proof in the case of inclusive major222 particle ?ro;'uctio2 
is based on smilar analysis. It should be nentioned that t??e variables 
t ad u are udepadent Fn this case. IbrefOre t:?e relevat syzznet-ry 
Properties of the function F(s,t,u), which detemties the t- cd I?- 
dependence of the cross-YF:C:Ciuu u~I ihe reaCtiOn iIT), Ca21 be expressed 

s The CpT-bvariace of the S-satzix .znd the uktiitj- cs=ditioz 
(133 imply ti1a.t if one of the reactions (IL) takes $ace (e-g., e+e;J 2) 

den the other (e'e: jc ii) should also exist. 
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ZS follo~*;s : 
F( s,t,u) "-\?(S,z,t). (15) 

O;-v-iously, xi:? ;b;cnce 0: (F-3) as;xetry LY ti.e ?ro&ction of 

ii given cc-tral fercion in eT - e- annihilation ten be a corcequence 
of a specii'ic djnmics governing the process. Koreover, it might even 
be simulated by specific circumstances. An examgleji illustr2ting '&is 
is provided by the hypothetical reactions: 

e ++e’*3 iN 
L e-e+3 orf~,p-3 

(20) 

(21) 

where 3 is a light (or massless) neutrino and N is a heavy neutral 
lepton of Dirac ty?e (e.g:., associated with a four*& seque;?tial gene- 
ration of le?tons). Let us assume for defini'cness that S has (V,;, A) 
couplings only. Since the neutrinos are unobserv2.jle in the type of 
experiments under discossion, the siaatures of these reactions will 
be the same as the signal?ses of the reaction (2) in which Eajorana 
fermions are produced. It is not difficult to show that if the cou$ings 
.leading to (20) and (21) are, e.g., W-invariant, for each 1? (%) a_;?ea- 
ring in the for-+fard hemisphere there will be an % (K) Froduced in the 
backward) hemisphere. Thus the lepton pairs ozighating both I'ron h' 

snd 5 decays will be produced with equal cross-sections in the two 
hemispheres, exactly like in the process (2). In the particular example 
we are considering it is nevertheless possible to distinguish between 
the production of the Xajorana and Dirac fermions by measuring,the 
ener:J distributions of e- (/A-) or e + (p') ia each of the two hemi- 
spheres. These di.s*zibutions will be identical if the decayins particle 
is a !<ajorana fermion ( 

s 
); they will be different if the charged 

lepton originates from a weak (C- and Y- nonconserving) de'cag of a 
Dirac neutral le?ton (iv). 

Let us turn now to the process of inclusive rjroduction of PLajoraza 
?articles in p-F collisions: 

p+?-> 
f 

+ aly+&ing (22) 
Fran the point of vie:I of t:he symmet-y proI;erties of the cross-sections 

s This bteresttig exaple was hr0 -2&t to my atteatio3 -37 

?rof. ;ialfenstein. 
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wi c:t' inter-ested. ir,, t;nhere zxists 2 complete aalsi;y '~$t:;&z" -,& 

processes (17) z-.d (ii), w>,e:; tb-2 c~.&plb~gs 0;' tht i,:z;-p,-.~ ;‘s.rzico 

are CP-invariant. Independently of their snecific fork . -, j will be 
produced then in the 2 - 3 collisions <Ath equal cross-sectiors L: the 
forward &d backward hemispheres (in the p-F CA.S.). 

The presence of stroz~g interactions between the ps&:des ia the 
initial state makes the case of CP-noninvariant /' -proton co-u_3lings 
more complicated than the corresponding case of ef - e- ~~~~atian . 
As is well-li?om, no exact sethods of accounting for the biti21 .c+qte I- 
strong interaction effects have been developed to date. iiowever, if 
the reaction (22) occurs at relatively high energies one can use the 
quark-gluon picture of the collision, i.e. 

In this approach'12' 
QCD as a theorj of the 

strong interactions. all non~erturbative. i-'tial- 

state interaction effects are assuzed to be accounted for by the 
distribution factions of t:ie interacting quarks ad/or gluons, +Jch 
are extrar:ted (directly or indirectly) froa the data. Ti-12 subprocesses 
correspondtig to production of 

s 
in the interaction beY4een quarks 

and/or gluons are supposed to be perturbative as (by ass&tioz) they 
take place at energies at which the GCD effects can be treated ;erCuz- 
batively. Under these corditions it is possible to show that if the 
relevat subgrocesses involve only two 2artlcles i?. the i5tial state, 
the (F - B) asyxxnetry in the distribution of 

$ 
vanishes to leetig 

order in the perturbation theo,ry, 2s like ix he corressozikg ctlse cf 
+ 2 - e- ennicilation. We shall give below a proof of this statezect fcr 

the case when is produced via quark - (anti)quark azaihilatioz: 
, 4 PI 

4 '9 - 
/ 

+ anything (q', (I'*= T u,d ,...) il,c ,..m )(2?) 

In the majority of cases of practical interest "azqtnirg" corrCs;ords 
in the leading approrioation to oue particle ad the _)' ?~odcc5oa 
cross-seq,tioa represents a sue ovez all relevant ?airs Of xitial 
quar!cs and two-particle fizal states. fiz ,2.ztiCd.2r, if j is expect.22 
to be prodccad predoei;lzntly in aSSOCiati.02 Lri‘ih a give= cLz~-ed Sir--c 

femion X, the reactions 
I 

; 1;;: j * f! (2;) 
+X (2.51 

where 2 (PII) is the arti2crticl.e of X( i"'), ShOtid. ZCtU?ily 52 cons!, 
dered a.3 subproc2sses ,'or the process (22), Let 1;s f0cuS ItiSt om 
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at~ieztion on this ~3s~~. C?T-invari,~ece &qd tke i;-itarii CT t:le s- 
;;ai+I.i;: lead ~to tj;c rela.tior1 

<J(r,;!c)X(r',~') I R I q."(s2,:';)q'(sI,~f). z 
(25) 

( the'notations are obvious) valid irk the leading order of the >ertl1-- 
bation theory. Eq. (26) izslies that 5 the leadizg a??zcsLzatior the 
cross-sections of the reac~tions (24) aad (25), av2rag2d. c;-2r the biti 
quark, spin states and sumned over the s2i.n states of the final particles, 
are descl'ibed by the sazne function Fq((pi~pi)~,(>.j-k)~) = Fq(s8,t'): 

dq @ ;<:; 'J z?l =(2Fi;)Ql’+p I ~-k-k~)fq(S~)~q(S~,t:)~~~ 
0 0 (2:) 

fq(sI) being a standard kinenatical factor, identical for -00th reactiolls. 
In the approach we are following the cross-section of the process (22) 
with sub?rocesses (24.) and (25) has the standard for3: cl a s1c! of cou- 
volutions of the products of the iritial state quark distzijrrtion 
functions in the proton and antiproton &$x) md'&(;-), -~ _ -respectively, 
x being the fraction of the p or 5 nosentm=cazried by 'q'*# ) md t'2e 
cross-sections (27) - Assuming that p aad 5 have 4-rrczeata 1;I e.zid p2 
and that f is produced with a defir?ite zomentus 2, it c2p be written 
as: J 

vi c;(r-&!;(x,) + ~;b+$(x2)] Fq(s',(xLpI-k)*\ + 

I s;(x2:;;;to(x1) + :;(x,)q;(xIiJ Fq(s~,(:~zp2-k)2)~' 
J 0 

=Ep(s,(pI-k)2,(P2-k)2) g (25) 
n 

;iere 1; I a-d x 2 are the fractions of the cozeata of 2 zzd S cmied by 
the aulihilating quarks, s'yx x s 12 (the effects of th? iaitial particle 
32sses are neglected, whirA is a stad.ard appro:'~z::o;2 k 7x2s a2?==ac~) 

sE if x &Jzs not carry a.3 electric chazze i:e sho,:ld have, e.g., 
qtP$ and the iuitial states is eqs. (24) azd (25) shmld coincide, 

s The dependence of the quark distribatio- f.uzctio~s or, 7ariables 
irrelecaht to our discussion (like the q' - q" izvariast z~ass 3') is 
riot show+ explicitly. 
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zid' we have :;:ide use 32 the relations.: q- y"(x) = Fp*n(;;, ~cq"(>:) ; 
;;:I*?l(:i). It is tri-;izl t3 coxv>:ce i2~~~L;~1B that thZ 1.;3ctior_ l 

s~(s,(~I-~)',(?,-z;2: defined in eq. (28) is smetric with res?ect 
t0 t,:-.e iuterchange of 7 and ;*, which ic+ies that ir. the s-3 c.r-.s- 
it iS & even fLUlCtiOXl OLf COS 6= ~i~/'/(l~I~i~~l). CcP&serJestly,-is the 
leading'a~?roxination there will be no (F-3) asyz!zetry ti the p'oduc- 
tion of . It is easy to generalize this restit to the case of glu- 
on-quark s as wellas gluon-gluon amihilation azd arbitrary possible 
particle X, and to the case of arbitrary number of particles in the 
final state of the relevant subprocesses. 

Our conclusions concerning the reaction (22) aTply to the Eajori- 
ty of cases of practical interest discussed in the iiterature. Is 
particular, they are valid for the set of subprocesses considered 
in ref./I?/, wherein the production of SUSY particles in p -'$ colli- 
sions is studied in detail: " 

;i +I(3 
*q--q -iz, 

9 '2, 
(29) 

where w-•, $ and 2 are the supersyameLtric partiers of the if-.~~-~Zi?~ 
+ s&s,>- -. 

and gluons (g), respectively. 
To conclude, the absence of (Z-3) as-ymetry is a possible sigma- 

ture for production of P:ajorana feraions (other tl=ar~ light rextrixos) 
in e* - e- and p - p collisions. 

hcknowledqezents. 
The author wishes to thank T-3. Cheag, S.5;. 3ile.aky, C. Quigg, 

:,I . Suzuki and L. Wolfenstein for valuable aad stizAati.a~ discus'siors. 
The hoqpitality or' the Aspen Center for I'hysics 2nd the Tileorv Grouts 
st L3L and Fexnilab, where parts of the areseat. -Aor? were doze, as 
well as the support of the 3artol ?.esearch Pouzda-ior: of ,%e Iraklic 
Institute z;?d especially of Irof. T. Caisser, are ~zate>ull~ ackc'+ 
ledged.,, 



?.eferer.ces 

I. P.A.;5.Llirac, iroc. Xojr. 50c. (iondor,) Aii7(1926)jIC; ibid. KIZ(I926 
351; ibid. $126(i~SO);6C. 

7 C. S.>,a' jOC?LIZ, Tluovo Cixento 14(i937)i70. 
3. Recent results fro;r. ex2eri;lents on xeutrisoless double *beta decay 

which are sensitive to the existence of Eassive I:ajorasa neutriaos 
are discussed, e.g., in: F.Avignone, Invited talk gives at the 
Fourth Workshop on Grand Unification, Philadelphia, PA, UsA, April 
1963. 

4. For a review see, e.g.: ?.Fayet, Proc. of the 21 st ht. Sigh 
Physics Conference, Paris 

22.Cgy 

Ed.1 de Phys., Paris, 
July 1982 (eds. P.Peti2.u and M.Pozneuf, 

19321, p.c3-673. 
5. See, e.g.: J.Ellis, Lectures given at the SLAC Smer listitute, 

July 18-29, 1983; G.%ene, Invited talk given at the Forth York- 
shop on Grand Unification, Philadelphia, PA, USA, April 1963. 

6. See, e.g.: R.l;ohapatra end G.Senjaovich, Phys. Rev. D23 (196I) 155. 
7. V.G?ibov and D.Pontecorvo, Phys. Lett. 263 (1969) 49. ' 

' 8. For a review see, e.g.: S.!?.Petcov, "i,.assive Dirac versus r?assivo 
tiajoraoa neutrinos", ?roc. of the Arctic School of Physics; ti;s- 
lonpolo, Finland, August I-13, 1962 (eds. R.Raitio arrd J.Liati~rs, 
Lecture Kotes in Physics, vol. 181, Spriilger-Verlag, I962), p.396. 

9. J.+i.Fr&e and G.K:ane, Iy-ucl. Phys. 9223 c.1583) 331. 
10. 

t 
-Ellis, J.Ragelin, 3.V.Kanopoulos and K.Sreduicki, Pays. LeZt. I273 
1983) 233. 

II. J.Ellis, J.-h.Fr&re, JiIiagelin, G&me and S.T.?etcov, SLAC 
preprint SLAC-PUZ-3152 (1963). 

12. For a review see, e.g.: C.T,Sachrajda, IZCOC. of Les Rouches School 
of Theoretical rhysics, Ailrust 3 - SegPcezber II, 1981 (eds. 
X.ii.Gaillard aud H.Stora, iorth-Holland, 1963), p-59: 

13. S.Dawson, R.Eichten and C.Quigg, in preparation. I six grateful ta 
F.Dichten, who showed ne so;?e parts of this work prior to pbli- 
cation. 


